Study design: Cross-sectional controlled study. Objectives: To evaluate the elbow joint with ultrasound in paraplegic patients, determine the related factors and compare it with healthy controls. Setting: A training and research rehabilitation hospital in Istanbul. Methods: A total of 30 paraplegic patients and 20 healthy controls were included in the study. Patients demographic data, pain in the elbow joint, level and duration of injury, ambulation status, type of wheelchair used, daily duration of wheelchair and other ambulation equipment usage, transfers being dependent or independent, daily number of push-ups were recorded. Elbow joints were evaluated with ultrasound for presence of fluid and thickness of the triceps tendon. Results: Mean triceps tendon thickness values of the right side were larger in spinal cord injury (SCI) patients when compared with those of healthy controls'. Joint effusion on the right elbow joint was also found to be more common in SCI patients than in normal subjects. Triceps tendon thickness measurements were not found to be correlated with demographic and clinical factors. Seven paraplegic patients (23%) reported that they have pain in the elbow. Conclusion: In this preliminary study, our results showed that right elbow effusion was more frequent and right triceps tendon was thicker in SCI patients when compared with healthy subjects.
INTRODUCTION
Among individuals with spinal cord injury (SCI), the prevalence of upper extremity (UE) problems is expected to be higher because SCI patients naturally rely on their UEs more than able-bodied individuals during daily activities, that is, ambulation, transfers and self care. In this regard, several studies have been performed in SCI patients and shoulder pain was found to be the most frequent problem in their UEs. [1] [2] [3] [4] On the other hand, although the elbow joint is also overused in SCI patients (for example, during push-up maneuvers), 2 to our best notice, its relevant problems have not been explored in the hitherto literature.
Accordingly, the purpose of this study was twofold; first, we aimed to investigate elbow joint involvement in SCI patients. Herein, we reasoned that ultrasound-being a convenient diagnostic modality would be a prompt imaging alternative. 5 Our second aim was to find out the difference of elbow joints with ultrasonographic evaluation between patients and healty controls and whether the ultrasonographic findings of their elbow joints correlated with any of the clinical features in SCI patients.
MATERIALS AND METHODS
The protocol of this cross-sectional trial was based on the Declaration of Helsinki and approved by the local ethics committee. All subjects were informed about the study procedure and written informed consent was obtained either from the patient or his/her representative. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Participants
Both elbows of the 30 patients with paraplegia (23 males (M), 7 females (F)) and 20 healthy controls (11 M, 9 F) were evaluated in the study. Age range was between 20 and 70 years. Subjects with disease duration of less than 3 months or those with a previous elbow surgery, trauma or rheumatic disease were excluded. Demographic and clinical data including age, gender, body mass index (BMI), level and duration of SCI, ambulation status (wheelcahir, walking aid), daily number of transfer and push-up activities, wheelchair type and duration of daily wheelchair use and walking aid use were noted; patients were divided into two groups as dependent and independent according to their transfer status.
Ultrasonographic evaluation
A 12-MHz linear probe (Logiq P5, GE Medical Systems, Milwaukee, WI, USA) was used for all the evaluations. Subjects were seated while elbow joints were evaluated for the presence of fluid (humeroradial and humeroulnar joints anteriorly and olecranon fossa posteriorly). Triceps tendon thickness (TTT) measurements were performed axially. Other pathologies of the elbow joint or the surrounding soft tissues (edema, bursitis, and so on) were noted if present.
Statistical analysis
Statistical analysis was done by using SPSS version 15.0. Mean ± s.d. and median (min-max) values were used as descriptive statistics. Mann-Whitney U-and w 2 tests were used for group comparisons of patients and healthy controls, gender, dexterity of the patients, ambulation device groups, transferdependent and -independent patients. Pearson rank coefficients were used to explore correlations between ultrasonographic measurements and clinical features of the subjects. Statistical significance level was set at Po0.05.
RESULTS
Demographic and clinical features of the subjects are given in Table 1 . Both groups were similar with respect to age, gender, dexterity and BMI. A total of 25 (83%) SCI patients were using manual wheelchair; 18 of these wheelchair using patients were also ambulating with walking aids such as walker or crutches; 5 patients were ambulating with walking aids. In all, 7 (23%) patients were dependent for transfers, whereas 23 (67%) patients were independent. Median (min-max) daily values for duration of wheelchair use, frequency of transfers and push-up counts were 6 (1-14) h, 6 (2-23) times per day and 17 (1-60), respectively. Seven patients had elbow pain, five of them being bilateral and two being on the left side (Table 2) .
Ultrasonographic findings pertaining to 60 (SCI) vs 40 (normal) elbow joints are shown in Table 3 . Mean TTT (right side) values were larger in SCI patients when compared with those of healthy controls' . Joint effusion (right side) was found to be more common in SCI patients than normal subjects. TTT measurements were not found to be correlated with age, gender, duration of injury, transfer/push-ups, wheelchair or walking aid use (Table 4) . Two patients with elbow pain had fluid in their both elbows.
Right TTT was positively correlated with BMI, whereas there was no correlation between tendon thickness and age, duration of injury, wheelchair or walking aid use, frequency of transfers or push-ups (Table 5) .
DISCUSSION
In this study, we tried to evaluate the elbow joints of SCI patients by using ultrasonography. Our results have shown that right elbow effusion was more frequent and right triceps tendon was thicker in SCI patients when compared with healthy subjects.
After SCI, paraplegic patients use their upper limbs during several weight-bearing activities during the day. Accordingly, the upper limb joints and the nearby soft tissues may be expected to undergo overuse type of injuries. Further, tendons are force-transmitting units of the Elbow problems in spinal cord injury B Erhan et al musculoskeletal system and due to their low metabolic rate and slow healing, chronic overuse injury may cause structural changes and impact on tendons and peripheral soft tissues. 6 During weight-relief lifting activities, high-to-moderate muscular demands were documented on long head of triceps muscle besides latissimus dorsi and sternal pectoralis muscle. 7, 8 Although previous reports have explored shoulder injuries in SCI, 3,9-12 the elbow joint, which serves as one of the main biomechanical units during the daily activities of paraplegic patients, has not been substantially evaluated in the relevant literature. In this regard, we believe that our first and preliminary results, of increased TTT and frequency of joint fluid, are noteworthy. Additionally, we attribute the fact that these differences are on the right side to the distribution of UE dominance in our study group. Several demographical and clinical factors may affect the joints, tendons and peripheral neurons of patients who overuse their extremities. 6 Dudley-Javoroski et al., 13 showed the effect of the increasing weight among SCI patients on the achilles tendon in a controlled study with normal population. We found relationship between BMI and the right tendon thickness; this can be explained by the increase of TTT with the increasing BMI, similar to the previous literature. Van Drongelen et al. 14 have investigated the acute changes in the biceps tendon after a high-intensity wheelchair propulsion activity in 42 basketball and quad rugby players using ultrasonography. An increase in fluid content of biceps tendon was shown, which increased as the duration of playing time increased showing a link between activity level and acute tendon changes. This association is probably more profound in high-intensity activities.
There are limited data on the prevalence of elbow pain in paraplegic patients; in this small group of SCI patients, the prevalence was 7 out of 30 (23%). Although the patient characteristics was different (older age, longer injury duration, paraplegic and tetraplegic patients investigated together), the prevalence was found to be 35% in a study by Dalyan et al. 4 The prevalence is reported as 6-15% in other studies. 15 Although the prevalence differs among the studies, the elbow pain affects B1 out of 4-6 patients and more emphasis should be given on causes and preventive measures.
Our study has some strengths and limitations. The strength of our study is that, it is the first study about the ultrasonographic evaluation of elbow joint in SCI patients. The major limitation of our study is the limited number of patients. Further studies should be performed with larger groups of patients investigating other factors, such as job, exercise duration, type of wheelchair or other daily living activities, which might affect the elbow joint.
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